Purpose: To evaluate the appropriateness of prophylactic inguinal nodal irradiation (PINI), we analyzed patterns of failure in anal cancer patients who were inguinal node-negative at presentation and did not receive PINI. Materials and Methods: We retrospectively reviewed the records of 33 anal cancer patients treated by definitive concurrent chemoradiation therapy (CCRT) between 1994 and 2013. Radiotherapy consisted of a total dose of 44-45 Gy (22-25 fractions in 5 weeks) on the whole pelvis, anus, and perineum. Except inguinal lymphadenopathy was present at initial diagnosis, the entire inguinal chain was not included in the radiation field. In other words, there was no PINI. Results: The median follow-up duration was 50 months (range, 4 to 218 months). Median survival and progression-free survival (PFS) were 57 months (range, 10 to 218 months) and 50 months (range, 4 to 218 months), respectively. Among the survival, the median follow-up duration was 51 months (range, 12 to 218 months). The 5-year overall survival and PFS rates were 93.4% and 88.8%, respectively. Although none of the patients received inguinal node irradiation for prophylactic purposes, there was no inguinal recurrence. Conclusion: Treatment of anal cancer by omitting PINI might be considered in selected patients with clinically uninvolved inguinal nodes.
Introduction
Anal cancer, a rare disease that only accounts for 1.5% of all gastrointestinal malignancies [1] , has been associated with female gender, infection with human papillomavirus (HPV) and human immunodeficiency virus (HIV), lifetime number of sexual partners, and cigarette smoking [2] . In the past, abdominoperineal resection was the treatment of choice for anal cancer [3, 4] . In 1974, Nigro et al. [5] observed complete tumor response in some anal cancer patients initially treated with preoperative concurrent 5-fluorouracil (5-FU), mitomycin C, and radiation therapy (RT). Later, UK Coordinating Committee on Cancer Research (UKCCCR), European Organization for Research and Treatment of Cancer (EORTC), and Radiation Therapy Oncology Group (RTOG) trials have contributed to establish concurrent chemoradiotherapy (CCRT) as the first-line treatment for anal squamous cell carcinoma [6] [7] [8] [9] . Chie et al. [10] reported treatment results of anal cancer www.e-roj.org http://dx.doi.org/10.3857/roj.2015.33. 2.83 with regard to the 5-year overall survival (OS) between surgical and non-surgical treatment (CCRT). Although there was no statistically significant survival difference (p = 0.49) between the two groups, CCRT resulted in a high rates of anal sphincter preservation and 5-year OS compared with surgical treatment. In addition, Lee et al. [11] summarized overall clinical features, treatment modality approaches, and prognostic factors for anal cancer in 2007, showing that the CCRT group had a tendency toward better survival than the surgery group.
Anal cancer spreads mostly by direct extension and lymphatic pathways rather than hematogenous metastasis. Regional nodal involvement is present in 25% of cases at diagnosis. In addition, progression after first treatment is more common in the loco-regional area than as distant metastasis, and local progression occurs at rates up to 30%. In particular, since inguinal lymph nodes are one of the potential sites, prophylactic inguinal nodal irradiation (PINI) has been considered for treatment of anal cancer patients. Current National Comprehensive Cancer Network (NCCN) guidelines recommend that the inguinal nodes and pelvis, anus, and perineum be included in the initial radiation field. Some randomized trials suggest that PINI should be recommended for all tumors in order to reduce inguinal progression risk [8, [12] [13] [14] . Others suggest that PINI should be omitted to reduce RT field size without compromising locoregional control for selected anal cancer patients [9, 15] . Larger radiation field size leads to considerably more acute and late toxicities, including dermatitis, groin pain and leg lymphedema [14] . Acute toxicities may affect adherence to chemoradiation treatment [15] . Against this backdrop, the question of whether PINI is necessary to reduce inguinal progression remains controversial among radiation oncologists. We did not include PINI in our clinically inguinal node-negative group in order to reduce treatment-related acute and late toxicities. To evaluate the necessity for PINI, we analyzed patterns of failure in anal cancer patients who did not receive PINI.
Materials and Methods

Study population
We retrospectively reviewed the records of 76 anal cancer patients who were treated between January 1, 1994 and April 8, 2013. Among these, 27 patients were excluded from the study because of biopsy-proven adenocarcinoma or melanoma (14 patients), palliative treatment (3 patients), definitive RT alone (4 patients), and incomplete treatment (6 patients). Ultimately, 49 patients with biopsy-proven squamous cell carcinoma completed definitive CCRT. Except for the patients who had inguinal lymphadenopathy at initial diagnosis (16 patients, 32.7%), 33 patients were included in this retrospective study ( www. 
Results
Patient characteristics
Overall patient, tumor, and treatment characteristics are described in Table 1 . The median age of the population was 59 years (range, 32 to 79 years).
Overall treatment time and adherence to chemoradiation treatment
The median overall treatment time (OTT) was 37 days (range, 29 to 49 days). In terms of adherence to treatment, no patient dropped out because of chemoradiation-induced complications.
Patterns of failure
Among 33 patients, 31 patients (94.0%) and 2 patients (6.0%) experienced complete response (CR) and progressive disease (PD), respectively. During follow-up, three patients in the CR group showed disease progression. The time to progression varied from 6 to 41 months. Sites of progression varied from the local area or regional perirectal lymph nodes to distant abdominal lymph nodes or liver parenchyma. Appropriate salvage procedures were conducted depending on the site of progression (Table 2) . Of note, even though none of the patients received PINI, there was no case of inguinal progression in this study.
Overall survival and progression-free survival
The median follow-up duration was 50 months (range, 4 to 218 months). Among the survival, a median follow-up duration was 51 months (range, 12 to 218 months). Median survival and PFS were 57 months (range, 10 to 218 months) and 50 months (range, 4 to 218 months), respectively. The 5-year OS and PFS rates were 93.4% (Fig. 2 ) and 88.8% (Fig. 3) , respectively.
Discussion and Conclusion
Traditionally, most treatment for anal cancer has included inguinal node irradiation, even when no inguinal nodes were involved. Against this backdrop, we tried to analyze patterns of failure in anal cancer patients who did not receive PINI. We found three cases of progression from loco-regional (1 case), distant (1 case), and both areas (1 case). Contrary to our expectations, regional inguinal nodes were free from disease progression in this study. Also, the median OTT in the inguinal node-negative group was 37 days, which was comparable with the results of the United Kingdom National Anal Cancer Trial II (ACT II) (38 days) [13] . The median OTT was 49 days in the RTOG 8704 trial and 42 days in the RTOG 9811 trial [16, 17] . As mentioned above, blanket application of PINI remains controversial among radiation oncologists. A current NCCN guideline recommends that inguinal nodes be included in the initial radiation field for prophylactic purposes. Gerard et al. [18] reported a retrospective review of 243/270 patients who were inguinal node-negative at presentation and did not receive PINI of clinically normal inguinal areas, with a resulting incidence of inguinal node progression of 6.4% for T1-T2. Das et al. [19] conducted a retrospective review of 167 patients in order to evaluate patterns of loco-regional failure and predictors of recurrence and survival in patients treated with CCRT for anal cancer. They routinely conducted PINI and reported an inguinal node failure rate of 0% for 124 cases that were inguinal node-negative at presentation. Higher T stage and N stage independently predicted a higher rate of locoregional failure. Based on these results, they advocated the importance of PINI. Recently, the CORS-03 group [14] reported a retrospective study that analyzed the outcome of 208 patients presenting with anal squamous cell carcinoma treated in four cancer centers in the south of France. Of the 181 patients with uninvolved inguinal nodes at presentation, 75 received PINI. The 5-year cumulative rate of inguinal recurrence (CRIR) was 2% and 16% in the PINI and no PINI groups, respectively (p = 0.006). In the no PINI group, the 5-year CRIR was 12% and 30% for T1-T2 and T3-T4, respectively (p = 0.02). The authors concluded that PINI should be recommended for all T3-T4 tumors and considered for early-stage tumors. However, the CORS-03 group study had some limitations. First, only 71% of the patients received concurrent chemotherapy. In addition, inguinal node involvement was assessed by AP-CT imaging and inguinal node biopsy only, without pelvis MRI or FDG-PET/CT evaluation.
In contrast to this, in a phase 3 randomized trial of the EORTC, PINI was not performed in the inguinal nodenegative group even without loco-regional compromise, and the authors concluded that clinical N staging and sex were the most important prognostic factors for local control and survival [9] . Later, Crowley et al. [15] carried out a retrospective review of 30 patients with biopsy-proven squamous cell anal cancer treated with definitive CCRT in one center and examined patterns of failure. They found only one case of inguinal progression without PINI that was inguinal nodenegative at presentation; the patient was successfully salvaged with an inguinofemoral dissection. As a result, they concluded that PINI could be omitted in selected cases of anal cancer without reducing the chance of cure and with the possibility of reducing acute and late toxicities. In addition, they emphasized two points. One was the relatively low risk of progression in the inguinal node even for higher stage tumors, in contrast to pelvic nodes. Another was increased confidence in identifying cases with uninvolved inguinal nodes through the development of imaging modalities such as MRI, PET/CT, and sentinel node biopsy.
Increasingly, MRI had become a part of routine clinical staging and is complementary to AP-CT. Recently, many trials striving to detect inguinal node involvement have more accurately used FDG-PET/CT or sentinel lymph node biopsy. Some trials suggest that FDG-PET/CT more precisely detects abnormal nodes than AP-CT and physical examination [20] [21] [22] [23] . The root reason behind these trials was that more accurate assessment of inguinal node status subsequently guides a more reasonable RT strategy. In our cases, pelvis MRI and FDG-PET/CT were carried out as an initial staging workup procedure starting in 2006. Among patients who were diagnosed after January 2006, the proportion who received pelvis MRI and FDG-PET/CT in this study was 82.4% and 41.2%, respectively.
In conclusion, we support treatment of anal cancer without PINI in selected patients with clinically uninvolved inguinal nodes at presentation through appropriate imaging evaluation. This approach will help reduce RT field size and treatmentrelated acute and late toxicities, without compromising regional inguinal node control. Moreover, a shorter OTT will help improve patient adherence and treatment results, including loco-regional control [13] .
The current study had some limitations. First, it was a retrospective study from a single institution. Second, there were small number of patients, and the median follow-up was relatively short. Third, there was lack of clinical data related to radiation-induced acute and chronic complications, and chemotherapy regimens varied among the patients. Most of all, heterogeneous methods were used for to evaluate inguinal node involvement. Further prospective studies are needed to confirm that PINI can be omitted in cases of anal cancer without inguinal node involvement.
